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Hints of Unique Genetic Effects for Type 2 Diabetes 
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The prevalence of type 2 diabetes (T2D) is rising 
rapidly worldwide. In September 2012, the World 
Health Organization reported a global prevalence 
exceeding 300 million people, predicting a fur- 
ther 60-70% increase by the year 2030 (1). One of the 
largest absolute increases is expected to occur in India, 
with the International Diabetes Federation estimating that 
India alone will have 100 million people with diabetes by 
2030 (2). About 90% of these will have T2D. 

Increased food consumption and decreased physical 
activity represent major contributors to the growing Indian 
T2D epidemic, reflecting ongoing economic transitions and 
widespread embrace of a Western lifestyle. But T2D risk 
also has a substantial genetic component and evidence 
indicates that Indians may be more susceptible to devel- 
oping insulin resistance and T2D compared with European- 
ancestry individuals of equivalent age and BMI (3-5), 
suggesting the possibility of population-specific genetic or 
epigenetic risk factors. 

A recent, comprehensive genetic study provided com- 
pelling evidence for global genetic differentiation of T2D 
risk. In a survey of thousands of confirmed genetic asso- 
ciations, risk alleles for T2D demonstrated the most ex- 
treme population frequency differentiation among twelve 
common diseases studied (6). A clear gradient of T2D risk 
allele frequencies along continental paths of early human 
migration was evident, suggesting potential population- 
specific evolutionary adaptation to agricultural develop- 
ments, dietary patterns, or food availability. The latter is 
consistent with the "thrifty genotype" hypothesis, which 
contends that genetic alleles promoting efficient energy 
storage experienced positive selection in populations that 
experienced historically inconsistent food supply and now 
contribute to an increased prevalence of obesity and T2D. 
However, such selection effects remain unproven, and the 
population frequency differences may also reflect non- 
selective factors such as drift. 

Regardless of the cause(s), population differences in 
disease allele frequencies have implications for risk allele 
identification via association tests, the power of which 
varies with allele frequency. An early example was pro- 
vided by the first two genome-wide association studies 
(GWASs) of T2D conducted in East Asian populations 
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(7,8), which identified genome-wide association of KCNQ1 
variants. Association of these variants with T2D was not 
previously detected in large European ancestry studies 
due to a vastly lower risk allele frequency in Europeans (5 
vs. 40%). A European-based meta-analysis (7) subsequently 
confirmed association of the KCNQ1 variants in Euro- 
peans, but at significance levels far below the thresholds 
typically motivating replication attempts (P ~ 0.02). Studies 
of distinct ancestral groups may also enhance the detection 
or localization of genetic risk variants due to population 
differences in linkage disequilibrium, gene-environment 
interactions, or the presence of population-specific variants, 
particularly for recently derived causal mutations of low 
frequency. Indeed, recent T2D GWAS in East- and South- 
Asian populations (9-12) show that many T2D risk variants 
have similar effects across ancestral groups, but have 
also identified various, seemingly population-specific, risk 
variants. 

For millennia, India has been populated by diverse caste 
and tribal groups, with intergroup gene flow impeded by 
a hierarchical caste system, geographical dispersal, and 
subdivision of the country into different linguistic regions 
(13). This has led to significantly higher genetic diversity 
within India, compared with Europe and East Asia (14). 
Given high genetic differentiation of both Indian pop- 
ulations and T2D risk variants, well-powered GWASs 
within ethnically homogeneous Indian populations may 
provide novel insights into genetic effects underlying T2D 
susceptibility, both in Indians and other populations. One 
of the few T2D GWASs performed in an exclusively Indian 
population identified a 2q21 locus showing genome-wide 
significant association with T2D in a Northern-Indian 
sample (15). The associated single-nucleotide polymor- 
phisms (SNPs) also showed association with fasting 
plasma insulin levels in the same population but were not 
associated with T2D in a large European sample, poten- 
tially due to differences in risk allele frequency or linkage 
disequilibrium. 

The study by Saxena et al. (16) in this issue describes 
a T2D GWAS in Punjabi Sikhs from India, an endogamous 
North- West Indian population with a high prevalence of 
T2D and cardiovascular disease in spite of low obesity 
rates, ~ 50% vegetarianism, and strict tobacco abstinence. 
The total Sikh sample included 3,354 T2D case and 3,975 
control subjects from three distinct samples, combined 
GWAS meta-analysis of which identified genome-wide 
significant association of a SNP within the skeletal muscle- 
expressed sarcoglycan y (SGCG) gene (rs9552911: P = 1.8 X 
10~ 8 ). Each additional risk allele was associated with an 
estimated 50% increase in disease odds, with a 95% CI 30- 
72%. The association demonstrated excellent consistency 
across the three Sikh samples, but no association was 
observed in a large, East Asian replication study. In- 
terestingly, the associated SNP is monomorphic in Euro- 
peans, and hence not amenable to statistical analysis. 
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Although further study is required to validate and explain 
these results, it is possible that the detected locus is spe- 
cific to the Indian Punjabi Sikh population, as a result of 
India's complex demographic history and cultural di- 
versity. 

Strengths of this study were the use of samples from an 
ethnically homogeneous Indian population, robust pheno- 
typing, and careful sensitivity analyses to exclude the po- 
tentially confounding effects of population stratification or 
consanguinity. Reassuringly, the study also reported highly 
significant association of a previously reported SNP in 
TCF7L2 in Sikhs (P = 3.3 X 10" 19 ) and confirmed a pre- 
viously reported IGF2BP2 locus, with these two loci also 
showing genome-wide significant association with T2D in 
combined meta-analysis of the Sikh and wider South- 
Asian populations, and large, multiethnic meta-analyses. A 
weakness of the study was a lack of independent replica- 
tion of the novel association in additional Sikh samples, 
precluding independent evaluation of validity and effect 
size. However, strong consistency of the signal across the 
three studied samples lends confidence to the initial find- 
ing. 

This study suggests a T2D susceptibility locus poten- 
tially specific to populations within the Indian sub- 
continent, contributing to the broadening landscape of 
shared and unique population genetic effects for this dis- 
ease. Given the burgeoning prevalence of this disorder in 
India and evidence for population genetic/epigenetic dif- 
ferences in susceptibility, these results support further 
comprehensive genetic studies of T2D in diverse Indian 
and Asian populations. Ancestry-specific characterization 
of T2D risk alleles may maximize the benefits of gene 
discovery and future clinical translation for these large, 
susceptible groups. 

ACKNOWLEDGMENTS 

No potential conflicts of interest relevant to this article 
were reported. 



REFERENCES 

1. World Health Organization. Diabetes Fact Sheet N°312, September 2012 

2. International Diabetes Federation. Diabetes Atlas. 5th ed. Brussels, Bel- 
gium, International Diabetes Federation, 2011 

3. Lee JW, Brancati FL, Yeh HC. Trends in the prevalence of type 2 diabetes 
in Asians versus whites: results from the United States National Health 
Interview Survey, 1997-2008. Diabetes Care 2011;34:353-357 

4. Chandalia M, Abate N, Garg A, Stray-Gundersen J, Grundy SM. Relation- 
ship between generalized and upper body obesity to insulin resistance in 
Asian Indian men. J Clin Endocrinol Metab 1999;84:2329-2335 

5. Dickinson S, Colagiuri S, Faramus E, Petocz P, Brand-Miller JC. Post- 
prandial hyperglycemia and insulin sensitivity differ among lean young 
adults of different ethnicities. J Nutr 2002;132:2574-2579 

6. Chen R, Corona E, Sikora M, et al. Type 2 diabetes risk alleles demonstrate 
extreme directional differentiation among human populations, compared 
to other diseases. PLoS Genet 2012;8:el002621 

7. Yasuda K, Miyake K, Horikawa Y, et al. Variants in KCNQ1 are associated 
with susceptibility to type 2 diabetes melhtus. Nat Genet 2008;40:1092- 
1097 

8. Unoki H, Takahashi A, Kawaguchi T, et al. SNPs in KCNQ1 are associated 
with susceptibility to type 2 diabetes in East Asian and European pop- 
ulations. Nat Genet 2008;40:1098-1102 

9. Cho YS, Chen CH, Hu C, et al.; DIAGRAM Consortium; MuTHER Con- 
sortium. Meta-analysis of genome-wide association studies identifies eight 
new loci for type 2 diabetes in east Asians. Nat Genet 2012;44:67-72 

10. Kooner JS, Saleheen D, Sim X, et al.; DIAGRAM; MuTHER. Genome- wide 
association study in individuals of South Asian ancestry identifies six new 
type 2 diabetes susceptibility loci. Nat Genet 2011;43:984-989 

11. Li H, Gan W, Lu L, et al. A genome-wide association study identifies GRK5 
and RASGRP1 as type 2 diabetes loci in Chinese Hans. Diabetes 2013;62: 
291-298 

12. Sim X, Ong RT, Suo C, et al. Transferability of type 2 diabetes implicated 
loci in multi-ethnic cohorts from Southeast Asia. PLoS Genet 2011;7: 
el001363 

13. Watkins WS, Prasad BV, Naidu JM, et al. Diversity and divergence among 
the tribal populations of India. Ann Hum Genet 2005;69:680-692 

14. Xing J, Watkins WS, Hu Y, et al. Genetic diversity in India and the inference 
of Eurasian population expansion. Genome Biol 2010;11:R113 

15. Tabassum R, Chauhan G, Dwivedi OP, et al.; DIAGRAM; INDICO. Genome- 
wide association study for type 2 diabetes in Indians identifies a new 
susceptibility locus at 2q21. Diabetes 2013;62:977-986 

16. Saxena R, Saleheen D, Been LF, et al.; DIAGRAM; MuTHER; AGEN. 
Genome-wide association study identifies a novel locus contributing to 
type 2 diabetes susceptibility in Sikhs of Punjabi origin from India. Di- 
abetes 2013;62:1746-1755 



1370 DIABETES, VOL. 62, MAY 2013 



diabetes.diabetesjournals.org 



